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NUTRITIONAL CONDITION OF lobster, as as-
sessed in the field, could be a valuable tool to
provide insight to physiological response of
lobster to environmental constraints. The
nutritional status of pa1inurids in the wild has
been little studied (Kanciruk 1980). Studies
of lobster nutrition have centered on needs
associated with rearing and aquaculture
(Kanazawa 1994). Only recently have labo-
ratory trials of nutritional indices been ap-
plied to address ecological issues (Moss 1994,
Robertson et al. 1996). The work reported
here used an index of lobster nutritional sta-
tus on a managed field population to provide
some preliminary data on field nutrition and
to discuss it in relation to a period of popu-
lation growth.
A number of nutritional indices were
evaluated by Martinelli (1993) using Pan-
ulirus marginatus in controlled, replicated,
month-long laboratory trials. The concentra-
tion of glycogen in abdominal muscle was
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ABSTRACT: Data on the nutritional status of spiny lobster (Panulirus margin-
atus) were collected on the commercial trapping grounds of Necker Bank,
Northwestern Hawaiian Islands, in the summers of 1991, 1994, and 1995. Gly-
cogen levels measured in abdominal tissue of intermolt males were used as an
index of nutritional health of the field population. The range of glycogen
sampled from wild lobster was less than half the level measured in captive lob-
ster fed to satiation in a previous study. An analysis of covariance identified sig-
nificant interannual and spatial effects explaining 46% of the variance in the
sample of wild lobsters. Most significant was a decline in lobster glycogen levels
between samples collected in 1991 and 1994-1995. Seasonal influences on lob-
ster nutrition are unknown and were identified as an obvious direction for
future ecological research.
found to be the best index of nutritional sta-
tus tested for this species (Figure 1). Tests of
within-lobster variability indicated that a
single sample per lobster was adequate for
analysis (Martinelli 1993). The positive linear
relationship between recency of feeding and
lobster glycogen concentration provided a
relational indicator that could be used to
document spatial or temporal variation in the
nutritional status of field populations.
Blood glucose concentration is controlled
by homeostatic mechanisms in many deca-
pod species (Heath and Barnes 1970, Dall
1974). Glucose is held in reserve deposits as
glycogen that can be depleted during periods
of reduced food consumption to maintain
blood glucose concentrations near normal
levels. Although the digestive gland is con-
sidered the main organ for storage of nutri-
tional reserves in decapods, its importance as
a storage organ relative to muscle tissue is
variable among species (Armitage et al. 1972,
Dall 1981, Barclay et al. 1983, Whyte et al.
1986). When P. marginatus is nutritionally
stressed, it catabo1izes abdominal muscle
glycogen reserves (Martinelli 1993). Storage
of glycogen in abdominal muscle, like most
physiological processes in lobster, is influ-
enced by molt stage (Heath and Barnes
1970).
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ment cruises. The annual cruise revisits es-
tablished stations in the NWHI and conducts
standardized trap fishing. The annual assess-
ment was conducted just before the commer-
cial season, which was open July-December.
This ensured that lobster sampled had not
been previously disturbed by the baiting and
trapping activities of other fishing vessels. In
this paper we make temporal and spatial
comparisons of lobsters from the assessment
stations of Necker Bank (Figure 2). Stations
were selected to represent the range in types
of bottom habitat that had been documented
in previous surveys (parrish and Polovina
1994).
Lobster glycogen concentrations were
sampled at stations A and B in July 1991,
May 1994, and June 1995. For the 1994 and
1995 collections, two additional stations (C
and D) were included. At each station, the
glycogen levels of at least 25 male lobster
representing the size range of the catch were
tested. To avoid potential influence of molt
stage on glycogen level (Lipcius and Herrn-
kind 1982), the molt stage of the males was
determined using Lyle and MacDonald's
(1983) technique to ensure that only lobsters
in intermolt were included in the analysis. A
sample of abdominal muscle tissue was ex-
tracted from each lobster and analyzed for
glycogen content (Martinelli 1993). Females
were excluded from all analyses to remove
any possible effects on nutrition associated
with egg production (Hermkind 1980).
Standard analysis of covariance (AN-
COYA) was used with the glycogen data to
assess interannual and spatial effects and
effects of lobster size. Because of the unbal-
anced design associated with absence of
samples for stations C and D in 1991, the
ANCOVA was rerun excluding the 1991
data.
RESULTS
Eleven of the collected lobster were ex-
cluded from analysis because they were in
premolt condition. Lobster carapace length
ranged between 39 and 110 mm. Plotting the
size frequency of lobster measurements in-
dicated that distributions were similar for all
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FIGURE 1. Laboratory trials of lobster glycogen con-
centration plotted relative to days of treatment. Each
data point represents multiple lobster (mean = 7,
maximum = 9). Filled circles are lobster fed daily and
open circles are lobster starved. Confidence intervals
(95%) are included for both treatments. A consistent
and significant decline is measurable using the glycogen
assay to assess starved lobsters. (Source: Martinelli 1993)
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MATERIALS AND METHODS
Lobster were collected as part of the Na-
tional Marine Fisheries Service (NMFS)
Honolulu Laboratory's (HL) lobster assess-
The commercial stock of P. marginatus
occurs in the remote Northwestern Hawaiian
Islands (NWHI) and has been fished ex-
clusively by commercial vessels beginning in
the early 1970s. Consequently, all fishery
effort is documented. In 1991, catch per unit
of effort (CPUE) dropped to rougWy half the
level used to designate optimum sustainable
yield (i.e., one lobster per trap), prompting
temporary closure of the fishery. Since then,
fishing has been restricted by quota and sea-
son to permit the stock to recover (Haight
and DiNardo 1995). All glycogen sampling
occurred during the period of stock recovery.
Sampling during a period of increasing pop-
ulation density provided an opportunity to
look for an expected density-dependent de-
cline in lobster condition using the glycogen
index.
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FIGURE 2, Hawaiian Archipelago with an inset of Necker Bank indicating the locations of the four trapping sta-
tions.
samples except one (mean CL 8 em) (Figure
3). The exception was the 1991 sample at
station A, which provided smaller lobsters
(mean CL 4.5 em). The ANCOVA identified
significant temporal and spatial effects ex-
plaining 46% of the sample variance (Table
1). No size-specific differences were identi-
fied. Lobsters collected in July 1991 had sig-
nificantly better nutritional condition (higher
glycogen) than the samples of May 1994 and
June 1995 (Duncan multiple range test,
P < 0.01, df = 279). An a posteriori test of
spatial effects grouped two stations (A and
D) as having lobster in significantly better
condition than at the other two stations
(Duncan multiple range test, P < 0.01, df =
279). The 1991 data were then removed to
12
.
.
Ci 10 .
-
. '.
Cl
.'S 8 . .
.~ .
c
'"
. . .
Q) 6 .' . .Cl ",., • •0 ... ..- ..... .(,) 4 i·..... .. .. l':'.' ..>.
.. '" .I",t-" ••(; ... , ~ ..
..;;I~"" .2 .- ... , .... ~ ...
0
• 'l'., ~.. ..
4 6 8 10 12
Lobster carapace length (em)
FIGURE 3. Plot of glycogen levels versus carapace
length of each lobster sampled. Samples collected in
1991 are indicated with triangles. Circles indicate sam-
ples collected during 1994 and 1995.
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TABLE 1
ANCOVA TABLE OF LoBSTER GLYCOGEN LEVELS RELATIVE TO LOBSTER SIZE, YEAR OF COLLECTION, AND STATION
VARIABLE
Size
Year
Station
SS
0.00018
349.4
125.8
df
1
2
3
MS
0.0001
174.7
41.9
FSTATISTIC
0.00
59
14.1
PVALUE
0.99
0.0001
0.0001
balance the sampling design and fully focus
the analysis on the spatial effects. Without
the 1991 data, significance for station A dis-
appeared, and data from station A were
lumped with those from stations Band C in
overlapping classifications (Duncan multiple
range test, P < 0.01, df = 235). Station D
alone was identified as having lobsters in sig-
nificantly better condition. Even with the
1991 data excluded, weak interannual effects
persisted (P = 0.052, F = 3.82, R2 = 0.16,
df = 1).
DISCUSSION
The nutritional condition of a lobster is in
part dependent on its foraging success. Lob-
sters foraging in the wild feed as they en-
counter and capture food. The amount of
food, as well as the time between feeding
events, varies with local resources and lobster
activity. Assessing glycogen concentration
permits comparison of relative nutritional
states between groups of lobster. The mean
glycogen concentrations reported from field
animals at Necker ranged from 1.3 to
5.3 mg/g. As expected, this range is consid-
erably lower than the glycogen values of
captive lobster, which were fed daily. Lobster
fed to satiation had an overall mean glycogen
concentration of 12.7 mg/g (Figure 1), and
even the lobsters that were starved for 21
days (after being fed to satiation) had higher
glycogen values (mean = 6.2 mg/g) than
those of field lobsters.
Effect of lobster size was nonsignificant
and excluded from the analysis. However,
the sampling design was not structured to
evaluate size, so the potential influence of size
in future nutritional studies should not be
dismissed. Size was included in this analysis
as a precautionary measure only.
The reason for the significant drop in gly-
cogen levels between 1991 and 1994-1995 is
unknown. The change coincides with the
closure of the fishery and regrowth of the
stock (Haight and DiNardo 1995). The stock
recovery leveled in 1994 and 1995 and the
fishery continues to be exploited near opti-
mum sustainable yield (e.g., CPUE of 1.0)
maintaining a constant population density
(DiNardo et al. 1998). The drop in glycogen
values from 1991 to 1994-1995 is consistent
with a reduction in available resources (e.g.,
food and shelter) associated with increasing
lobster density resulting from the stock re-
covery. This interpretation parallels findings
of other researchers who identified density-
dependent responses during declines in the
Hawaiian lobster stock (Polovina 1989, De-
Martini et al. 1992).
Spatial effects were minor but did persist
between years, suggesting that station-
specific influences on lobster condition could
be present. Different habitats are likely to
afford different levels of forage and/or shelter
resources. Previous research at Necker Bank
linked lobster catch rates with variable scales
of habitat relief (parrish and Polovina 1994).
Perhaps greater availability of shelter im-
proves access to forage and results in higher
glycogen levels. Enhanced growth in re-
sponse to improved shelter has been identi-
fied by researchers working on other lobster
species (Newman and Pollock 1974, Eggle-
ston and Lipcius 1992).
Influences of life history and ecology on
lobster glycogen levels should be fully inves-
tigated. Because of the logistical constraints
on sampling in this study, the observed tem-
poral variability could actually relate more to
cyclic seasonal effects than to interannual
changes (Dow 1969). Data for our study
were collected spanning six summer weeks
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(late May to mid-July), which may represent
different physiological stages of the lobster.
For example, the samples with the highest
glycogen levels (1991) were collected latest in
the season (mid-July), which may have con-
tributed to their high glycogen values. It is
possible that lobster glycogen levels are re-
lated to the length of time the lobster have
fed on high summer benthic productivity
(Doty 1971, Glenn et al. 1990, Martin-Smith
1992). In summer months catch rates im-
prove (Polovina et al. 1995), but it is un-
known whether this results from an increase
in lobster activity or is caused by calmer
weather improving trap catchability (Morgan
1974). For captive P. japonicus, a species
closely related to P. marginatus, Nakamura
and Kuramoto (1992) found that the heart
rate doubled in summer months and varied in
relation to temperature. Peak spawning sea-
son for lobster in the Hawaiian Archipelago
varies with the latitude of the population,
suggesting that lobster may be influenced by
environmental cues such as temperature or
photic period (McGinnis 1972, MacDonald
and Thompson 1987, Polovina and Moffitt
1995). Further work is needed to determine
and calibrate the source of glycogen vari-
ability in wild lobster. Future ecological re-
search should first focus on detecting any
changes in lobster nutrition in relation to
season.
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